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(57) Abstract 

A method and an apparatus for forming granulate from a melt of chemical products, which comprises ejecting the melt via a plate 
(3) provided with openings (7) in the form of fine droplets into an upper region of a vertical fall pipe chamber (1). During their free fall 
in the fall pipe chamber the fine droplets are cooled by a cooling medium, after which the granulate thus obtained is withdrawn in a lower 
region of the fall pipe chamber. The melt is ejected in vertical or substantially vertical direction, and cocurrently thereto a deep-cold fluid 
is introduced into the fall pipe chamber, which is discharged in the form of gas or vapor also in the lower region of the fall pipe chamber. 
After leaving the fall pipe chamber, a further cooling in a fluid bed cooler (12) is possible. 
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Title: Method and apparatus for forming granulate from a 
melt of chemical products 

The invention relates to a method for forming granulate 
from a melt of chemical products, which comprises ejecting 
the melt from a chamber having a chamber wall in the form'^of 
a plate provided with openings through these openings into a 
5 vertical fall pipe chamber, thereby forming in an upper 

region of the fall pipe chamber fine droplets which during 
their free fall in the fall pipe chamber are cooled by a 
supplied cooling medium, and withdrawing granulate thus 
formed by cooling in a lower region of the fall pipe chamber, 

10 as well as to an apparatus for carrying out such a method. 

A method as referred to in the preceding paragraph is 
known from US-A 3,552,566. Here the melt is introduced into 
the fall pipe chamber via a spray nozzle, the cooling medium, 
for instance water or alcohol, being atomized through 

15 laterally disposed spray nozzles around the droplets from the 
spray nozzle. Thus it is possible with a fall pipe height of 
3 m to obtain granulate consisting of granules of a diameter 
in the range from 0.3 to 5 mm. 

It is an object of the invention to provide a 

20 substantially narrowed diameter range of the granulate 

formed, in combination with a further reduction of the fall 
pipe height . 

According to the invention, this is achieved by a 
method of the type described in the opening paragraph if the 

25 melt is ejected in vertical or substantially vertical 

direction and the cooling medium used is a deep-cold fluid 
which is introduced into the fall pipe chamber cocurrently to 
the ejected melt and is discharged in the lower region of the 
fall pipe chamber as gas or vapor. By taking these measures, 

3 0 all the droplets are ejected in parallel and vertical paths, 
that is to say paths which do not even by the action of 
gravity intersect each other, so that the risk of two or more 
droplets adhering together is reduced to a minimum. 
Furthermore, cocurrently feeding the cooling medium keeps the 
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free fall conditions equal for the different droplets and 
prevents disturbance of the pattern of parallel paths so that 
the risk of droplets adhering together and, consequently, 
increase in the diameter range of the granulate to be formed 
5 is minimal. Using a deep-cold fluid as cooling medium, for 
which preference is given to a liquid gas, such as nitrogen, 
has the result that, so to speak, a solidified coating 
immediately freezes around a droplet. This ensures that, on 
the one hand, the conditions under which the droplets may 

10 adhere together are removed as rapidly as possible and, on 

the other hand, by forming the solidified coating around the 
still weak core by evaporation of the deep-cold fluid a solid 
granulate external form is realized within such a short 
period of time that the fall pipe height can be reduced to a 

15 minimum. 

In order to allow the height of fall to be as small as 
possible, the deep-cold fluid should exert its cooling effect 
on the droplets as optimally, that is to say as rapidly and 
intensively as possible. To this end, it is preferred 

20 according to a further embodiment of the invention that the 

openings in the plate are arranged in an annular pattern with 
the deep-cold fluid being supplied both centrally within and 
along the circumference of the annular pattern. Thus a fall 
pipe height of the order from 1 to 2 m may be sufficient 

25 In order to still further narrow the diameter range of 

the granulate formed, it is preferred according to a further 
embodiment of the invention that a vibration is vertically 
exerted on the melt in the chamber via a diaphragm. By taking 
these measures, a jet from an opening is separated by the 

30 vertical vibration into droplets which all, through the 
imposed natural frequency, mutually have a substantially 
equal size so that a granulate is obtained which is very 
uniform as regards diameter. 

With such small fall pipe heights, the visually hard 

35 granules often still have a weak to liquid core. In this 
connection, it is further preferred according to the 
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invention that the granulate at least partly formed in the 
fall pipe chamber by cooling and solidifying is supplied from 
the lower end of the fall pipe chamber to a further space 
where further solidification and cooling takes place by 
5 intensive contact with a cold gas. Because of the externaily 
hard granule shape, part of the solidification and cooling, 
which first had to take place during the free fall, can now 
be carried out in an accurately controlled and regulated 
manner in a fluid bed cooler which is compact as regards 

10 overall height. 

The invention also relates to an apparatus for carrying 
out a method for forming granulate from a melt of chemical 
products, which apparatus comprises a chamber having a 
chamber wall in the form of a plate provided with openings, 

15 which openings discharge into an upper end of a fall pipe 

chamber which near a lower end is provided with a granulate 
outlet, the fall pipe chamber being provided near the plate 
with means for supplying a cooling medium and near the 
•granulate outlet with means for discharging fluid turned 

20 gaseous by evaporation, as is known from US-A 4,552,566. In 
order to keep the diameter range of the granulate formed, on 
the one hand, and the fall pipe height, on the other hand, 
relatively small, it is proposed according to the invention 
that the plate has a flat shape extending perpendicularly to 

2 5 the longitudinal direction of the fall pipe chamber and the 

openings provided in the plate are bores with axes parallel 
to the longitudinal direction of the fall pipe chamber, the 
means for supplying a cooling medium being arranged to 
introduce into the fall pipe chamber a deep-cold fluid 

3 0 substantially parallel to the longitudinal direction of that 

chamber. By taking these measures, each droplet moves in its 
own path and its own plane without making contact with a 
droplet in another path or another plane. Partly because of 
this, a droplet formed can be rapidly and effectively 
35 surrounded with a hard coating by cooling by means of a deep- 
cold fluid, in particular if the plate is provided with an 
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annular pattern of openings, means for supplying fluid being 
provided both centrally within that pattern and along the 
inner circumferential wall of the fall pipe chamber. The 
droplets just formed can be cooled very efficiently and 
5 uniformly with an atomized cooling fluid so that after 

forming the hard coating each droplet formed further behaves 
nearly immediately as an individual solid particle which 
shows little tendency, if any, to adhere to another particle, 
the more so as keeping the droplets in separate paths and 

10 planes prevents the coating rapidly formed and being, 

certainly in the beginning, still thin from being damaged. 

If according to a further embodiment of the invention 
the chamber has a further wall opposite and parallel to the 
wall formed by the plate, which at least partly consists of a 

15 diaphragm to be set by a vibrating unit in vibration with an 
amplitude in the direction of the plate, droplets are 
obtained with a mutually equal size and mass so that they all 
fall down in the fall pipe chamber in a mutually not changing 
pattern so that a further protection against mutual contact 

2 0 is obtained and the diameter range of the granulate formed is 

reduced to a minimum. 

By rapidly creating a hard coating around a droplet, 
the height of the fall pipe chamber can be kept very small, 
for instance from 1 to 2 m. Although the particles then 
25 reaching the lower end of the fall pipe chamber have a hard 
exterior, they may still have a weak to liquid core so that 
further cooling and solidification may be desirable. This may 
be effected in a fluid bed cooler relatively low as regards 
overall height, for which it is to be preferred according to 

3 0 a further embodiment of the invention that the granulate 

outlet discharges . into a ring chamber of a cooler, which ring 
chamber comprises a closed upper wall, a perforated ring 
bottom and cylindrical inner and outer circumferential walls, 
the outer circumferential wall being formed from the ring 
3 5 bottom over at least part of its height by tangent ially 
directed blades, the ring bottom and the part of the 
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circumferential wall formed by blades communicating with an 
enclosed space provided with means for supplying a cooling 
gas, the ring chamber in its upper region being provided with 
means for discharging the cooling gas, and the bottom near 
5 the inner circumferential wall being provided with a 

granulate outlet. In such a cooler, the particles are kept by 
the supplied air in a centrifugal fluid bed, a circular 
turbulent band of particles being created which effects a 
rapid, and proper cooling in an apparatus of relatively low 

10 overall height. 

Both the overall height of the fall pipe chamber and 
that of the cooler are such that even if the cooler is 
arranged below the fall pipe chamber, the total overall 
height remains relatively low so that the size of the 

15 complete apparatus is to be kept relatively small. This 

compacting effect can even be increased if several fall pipe 
chambers with their granulate outlets communicate with the 
ring chamber so that without increasing the overall height 
the capacity of the apparatus can be multiplied. 

2 0 With reference to an exemplary embodiment shown in 

the drawings, the method and apparatus according to the 
invention will hereinafter be explained and illustrated in 
more detail . In these drawings : 

Fig. 1 is a diagrammatic side view of an apparatus 
25 for forming granulate from a melt of chemical products; 

Fig. 2 is a cross-section taken on the line II-II in 
Fig . 1 ; and 

Fig. 3 is a cross -section taken on the line III -I II 
in Fig . 1 . 

3 0 In Fig. 1, a fall pipe chamber 1 is shown which 

comprises a circumferential wall in the form of a tube 2 of 
circular cross- section which is closed at the upper end by a 
plate 3 having a flat shape extending perpendicularly to the 
axis of the tube 2 and forming the lower wall of a chamber 4 
35 which is fed with a melt of chemical products via a line 5. 
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The upper end of the chamber 4 is at least partly 
formed by a diaphragm to be set in vibration with a vertical 
amplitude via a vibrating unit 6. As most clearly shown in 
Fig. 2^ the plate 3 is provided with a large number of 
5 openings 7 arranged in an annular pattern, consisting of 

cylindrical bores the axes of which are vertical. Centrally 
placed within the annular pattern is a head 8 which, as is 
the case with a ring line 9, serves to supply a deep-cold 
fluid, from a line 10 in vertical downward direction. 

10 The lower end of the fall pipe chamber 1 is of open 

design and discharges into a ring chamber 11 of a cooler 12 . 
The ring chamber 11 is surrounded by an upper wall 13 which 
is closed except for its connection to the lower end of the 
fall pipe chamber 1, a closed cylindrical wall portion 14, a 

15 wall poiftion connecting thereto, defined by tangent ially 

arranged blades 15, an annular perforated bottom plate 16, 
and a closed cylindrical inner wall 17. The perforated bottom 
plate 16 is included in an enclosed space 18 which further 
envelops the wall portion defined by the blades 15. The ring 

20 chamber 11 is provided with a granulate outlet 19 and a 

cooling medium outlet 20. The enclosed space 18 is provided 
with a tangentially directed cooling gas supply 21. 

To obtain a granulate from a melt of chemical 
products, the following procedure may be adopted. 

25 The melt is supplied via the line 5 to the chamber 4. 

The upper wall of the chamber 4 is set in vibration with a 
vertical amplitude by the vibrating unit 6, such . that the 
melt pressed in jets through the openings 7 is nearly 
immediately subdivided into droplets all of similar size and 

30 mass. Since the flat plate 3 is horizontally arranged and the 
openings consist of cylindrical bores with vertical axes, the 
droplets thus formed will fall down within the tube 2 of the 
fall pipe chamber 1 purely vertically and without influencing 
each other. From the head 8 and the ring line 9, a deep-cold 

35 fluid, for instance liquid nitrogen, is introduced into the 
fall pipe chamber 1 cocurrently to the droplets, that is to 
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7 

say in downward vertical direction. By ejecting the different 
droplets successively in different planes and adjacent to 
each other in parallel vertical walls and disallowing the 
introduced cooling medium to disturb this pattern, it is 
ensured that during their free fall in the fall pipe chamber 
the different droplets do not come into contact with each 
other so that the droplets initially all ejected in a similar 
size and mass result in a granulate of nearly uniform 
diameter. The cold energy formed during the evaporation of 
the deep-cold fluid causes a solidified coating to be formed 
nearly immediately around each droplet formed- During its 
falling further down in the fall pipe chamber 1, this coating 
will still grow a little, the deep-cold fluid ensuring that 
also when the fall pipe height is relatively small the 
coating is thick enough to remain intact at the granulate 
outlet where it comes into contact with other particles so 
that there, too, particles cannot adhere together and the 
uniform granulate diameter is maintained. 

The droplets thus at least partly solidified pass, 
together with the evaporated cooling fluid, from the fall 
pipe chamber 1 to the ring chamber 11 of the cooler 12. To 
this ring chamber 11 is supplied via the perforated bottom 16 
and between the tangent ially disposed blades 15 a cooling gas 
introduced into the enclosed space 18 via the inlet 21. This 
supplying step is carried out such that in the ring chamber 
11 a fluid bed is formed which, partly because of the 
tangent ially disposed blades 15, obtains the shape of a 
circular turbulent band of particles with an upper surface 
which, by the centrifugal action, is inclined downwards from 
the outer wall 14, 15 in the direction of the inner wall 17. 
Thus an effective complete solidification and cooling takes 
place. The evaporated cooling fluid and the cooling gas leave 
the ring chamber 11 via the outlet 20, while granulate is to 
be withdrawn from the ring chamber 11 via the outlet 19. 

It is self-explanatory that within the framework of 
the invention as laid down in the annexed claims many 
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8 

modifications and variants are possible. Thus for instance, 
several fall pipe chambers may be present which all discharge 
into the ring chamber of the cooler. Although preference is 
given to the cooler shown, it is of course also possible to 
5 use any other suitable type of cooler. Furthermore, the tube 
casing of the fall pipe chamber may have any other suitable 
cross -section and the pattern of openings, too, may be 
carried out in many other ways, which is also the case with 
the arrangement and design of the means for introducing the 
10 deep-cold fluid. 
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Claims 

1. A method for forming granulate from a melt of 

chemical products, which comprises ejecting the melt fronr a 
chamber (4) having a chamber wall in the form of a plate (3) 
provided with openings (7) through these openings into a 
5 vertical fall pipe chamber (1) , thereby forming in an upper 
region of the fall pipe chamber fine droplets which during 
their free fall in the fall pipe chamber are cooled by a 
supplied cooling medium, and withdrawing granulate thus 
formed by cooling in a lower region of the fall pipe chamber, 

10 characterized in that the melt is ejected in vertical or 

substantially vertical direction and the cooling medium used 
is a deep- cold fluid which is introduced into the fall pipe 
chamber cocurrently to the ejected melt and is discharged in 
the lower region of the fall pipe chamber as gas or vapor. 

15 2. A method according to claim 1, characterized in that 

the deep-cold fluid used is a liquid gas, such as nitrogen. 

3. A method according to claim 1 or 2 , characterized in 
that the openings (7) in the plate (3) are arranged in an 
annular pattern, the deep-cold fluid being supplied both 

20 centrally within and along the circumference of the annular 
pattern . 

4 . A method according to any one of the preceding 
claims, characterized in that a vibration is vertically 
exerted on the melt in the chamber (4) via a diaphragm. 

25 5- A method according to any one of the preceding 

claims, characterized in that the granulate at least partly 
formed in the fall pipe chamber (1) by cooling and 
solidifying is supplied from the lower end of the fall pipe 
chamber to a further space (11) where further solidification 

30 and cooling takes place by intensive contact with a cold gas. 
6 . An apparatus for carrying out a method according to 

any one of the preceding claims and provided with a chamber 
(4) having a chamber wall in the form of a plate (3) provided 
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with openings (7) , which openings discharge into an upper end 
of a fall pipe chamber (1) which near a lower end is provided 
with a granulate outlet, the fall pipe chamber being provided 
near the plate with means (8, 10) for supplying a cooling 
5 medium and near the granulate outlet with means for 
discharging fluid turned gaseous by evaporation, 
characterized in that the plate (3) has a flat shape 
extending perpendicularly to the longitudinal direction of 
the fall pipe chamber (1) and the openings (7) provided in 

10 the plate are bores with axes parallel to the longitudinal 

direction of the fall pipe chamber, the means for supplying a 
cooling medium being arranged to introduce into the fall pipe 
chamber a 'deep-cold fluid substantially parallel to the 
longitudinal direction of that chamber. 

15 7. TVn apparatus according to claim 6, characterized in 

that the plate (3) is provided with an annular pattern of 
openings (7), means (8, 10). for supplying fluid being 
provided both centrally within that pattern and along the 
inner circumferential wall of the fall pipe chamber (1) . 

20 8. An apparatus according to claim 6 or 7, characterized 

in that the chamber (4) has a further wall opposite and 
parallel to the wall formed by the plate (3) , which at least 
partly consists of a diaphragm to be set by a vibrating unit 
(6) in vibration with an amplitude in the direction of the 

25 plate. 

9. An apparatus according to any one of claims 6-8, 

characterized in that the granulate outlet discharges into a 
ring chamber (11) of a cooler (12) , which ring chamber 
comprises a closed upper wall (13) , a perforated ring bottom 

30 (16) and cylindrical inner and outer circumferential walls 
(14, 15, 17), the outer circumferential wall being formed 
from the ring bottom over at least part of its height by 
tangentially di rected blades (15) , the ring bottom and the 
part of the circumferential wall formed by blades 

35 communicating with an enclosed space (18) provided with means 
(.21) for supplying a cooling gas, the ring chamber in its 
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upper region being provided with means (20) for discharging 
the cooling gas, and the bottom near the inner 
circumferential wall being provided with a granulate outlet 
(19) . 

5 10. An apparatus according to claim 9, characterized in 

that the cooler (12) is arranged below the fall pipe chamber 
(1) . 

11. An apparatus according to claim 9 or 10, 

characterized in that several fall pipe chambers (1) with 
10 their granulate outlets (19) communicate with the ring 
chamber (11) . 
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